I. INTRODUCTION
ENSORY-MOTOR deficits often cause major changes in lifestyle. A common problem resulting in sensorymotor deficits is called Low Back Pain (LBP).
The management of LBP encompasses a range of different interventions including: drug therapy, exercise, patient education, physiotherapy, cognitive-behavioral therapy, alternative therapies and surgery. Here, we present methods that are based on surface electrical stimulation. The common technique that was introduced some time ago is called Transcutaneous Electrical Nerve Stimulation (TENS). TENS primarily aims to provide a degree of pain relief (symptomatic) by specifically exciting sensory nerves and thereby stimulating either the pain gate mechanism and/or the opioid system [1] [2] [3] [4] [5] [6] . Success is not guaranteed with TENS, and the percentage of patients who obtain pain relief varies, yet it was shown to be better than the placebo effect.
The technique is non-invasive and has few side effects when compared with drug therapy. The most common complaint is an allergic type skin reaction in about 2-3% of individuals who use TENS, which is almost always due to the material of the electrodes, the conductive gel, or the tape employed to hold the electrodes in place. Most TENS applications are now made using self-adhesive, pre-gelled electrodes which have several advantages including reduced cross infection risk, ease of application, lower allergy incidence rates and lower overall cost.
TENS uses a variety of stimulation parameters. Through stimulation parameters that activate either sensory or motor fibers using continuous or intermittent regimes, the pulses that are delivered to tissues in the form of bursts stimulation are either asymmetric, biphasic or compensated monophasic. This pattern of the pulse means that there is usually no net DC component of electric charge, thus minimizing any skin reactions due to the build up of electrolytes under the electrodes.
The range of frequencies is between 1 and 250 Hz (pulses per second), and their duration is typically shorter than 400 µs. The intensity of stimulation is most often controlled by the intensity of each of the pulses, and this varies between few mA and 100 mA. Some stimulators today also offer a so-called modulation mode that could prevent habituation effects.
The stimulation delivered by the TENS unit aims to excite (stimulate) the sensory nerves, and by doing so, activate specific natural pain relief mechanisms.
A simplified description of the role of stimulation in decreasing the low-back pain is in activation of various neural pathways: Aδ, c, Aδ and the opioid mechanisms, (release of an endogenous opiate, encephalin, in the spinal cord which will reduce the activation of the noxious sensory pathways). In reality, all fibers are stimulated and their contribution is so far neither known or understood in all details.
The other technique that contributes to the reduction of LBP is exercise. Exercise is likely the most effective way to speed recovery from low back pain and help strengthen the back and abdominal muscles [7] . Maintaining and building muscle strength is particularly important for persons with skeletal irregularities. There are manuals that provide detailed lists of gentle exercises that help keep muscles moving and speed the recovery process. A routine of backhealthy activities may include stretching exercises, swimming, walking, and movement therapy to improve coordination and develop proper posture and muscle balance.
The use of wide elastic belts that can be tightened to "pull in" lumbar and abdominal muscles to prevent low back pain remains controversial [8] [9] [10] [11] . A landmark study of the use of lumbar support or abdominal support belts worn by persons who lift or move merchandise found no evidence that the belts reduce back injury or back pain. The 2-year study, reported by the National Institute for Occupational Safety and Health (NIOSH) in 2000, found no statistically significant difference in either the incidence of workers' compensation claims for job-related back injuries or the incidence of self-reported pain among workers who reported Neural Prosthesis for the Therapy of Low Back Pain Vera Miler, Goran Bijelić, and Laszlo Schwirtlich S they wore back belts daily compared to those workers who reported never using back belts or reported using them only once or twice a month.
II. STIMBELT: CLINICAL STUDY
Factors that indirectly influence an individual's ability to regain motor control following LBP are weak muscles and soft tissue changes resulting with reduced range of movement. Each of these impairments contributes to an individual's inability to perform activities and leads to further deterioration of functioning. The STIMBELT design aims to minimize the LBP symptoms by combining several treatments: electrical stimulation at motor supra threshold level, lumbar support that provides some heating, and exercise. This combination belongs to the so-called Functional Electrical Therapy (FET) method since it assist movement; yet, more important enhances the afferent and efferent flows of information to the central nervous system that possibly leads to central nervous system reorganization (motor learning); which, therefore, allows the treatment to promote long-term carry over effects.
Instrumentation . The STIMBELT comprises electrodearrays built into modular support garment (wide belt) and a programmable stimulator (UNAFET 8 The prototype of Stimbelt uses commercially available carbon rubber electrodes with conductive gel of two sizes (6 cm x 12 cm, and 5 cm x 5 cm). The stimulation parameters were set at: f = 50 pps, pulse duration T = 500 µs, the stimulation sequence was: 5 seconds "on" followed by 5 seconds "off". The ramp-up and -down time were set to 1.8 s. The intensity of stimulation for each electrode pair (stimulation channel) was adjusted individually at a level generating muscle contraction. Subjects
The study included 60 patients with subacute lower back pain (LBP) divided randomly into three groups of 30 subjects (STIMELT group -A, and control group -C), and 30 patients with chronic LBP in the STIMBELT group -B. The group A consisted of 14 females and 16 males, group B consisted of 13 females and 17 males and group C consisted of 18 females and 12 males. Table 2 represent outcome measured all three groups before and after therapy at baseline.
. 93 subjects were recruited for this study. They were either inpatients or outpatients of the Rehabilitation Institute "Dr Miroslav Zotović", Belgrade with verified lumbar disc herniation and with subacute or chronic low back pain. All of the subjects participated in regular physical therapy. Only 3 of the subjects included in the study dropped out of the study for various reasons, only two of which because they did not like the sensation of being stimulated.
The aim of the clinical study was to compare the efficiency of STIMBELT vs. conventional treatments in subacute LBP patients (Group A vs. Group C), and the efficiency of STIMBELT therapy in subacute (Group A) and chronic patients (group B).
Methods. The electrodes were positioned over the following muscle groups: Lumbosacral Paravertebral bil. m. Obliques Abdominis bil. and m. Rectus Abdominis (lower portions).
All muscle groups were stimulated simultaneously. Stimulation was triggered by the subjects. We used the following stimulation protocol: 1) two weeksall muscles stimulated, and 2) one week -active contraction of m. Rectus Abdominis followed by stimulation of the other muscle groups. Subjects were stimulated 30 minutes daily for three weeks. All patients continued their customary physical therapy.
Assessment and evaluation . After evaluation of medical documentation, muscle test and lumbosacral angle measurement all subjects were classified according to the Oswestry Low Back Pain Disability Questionnaire in disability groups. We used the Visual analogue scale and the Verbal scale to assess the quantity and quality of low-back pain. The assessment was performed at the entry point in the study and after three weeks of program. At the end of STIMBELT therapy subjects were asked for comments about the stimulation effects and appreciation of the treatment. The following outcome measures are presented here: 1) the visual analogue scale (VAS); 2) manual muscle test (MMT) of trunk muscles; 3) the Oswestry Low Back Pain Disability Questionnaire; and 4) the Short Form 12 Health Survey (SF-12).
Statistical analysis

III. RESULTS
. Here, we specifically want to emphasize the differences and similarities between results when different statistical tests, all appropriate for the analysis, are applied to the results of the same study. The statistical analysis was done with SPSS 11.5, GraphPAD Prism 5, and GPower 3.0.10. We present statistical significance when tested using the paired t-test or Wilcoxon signed ranks test for paired observations, and then the statistically significant differences were tested using the independent-sample t-test or Wilcoxon-Mann-Whitney Rank Sum Test for two independent groups or Chi-squared (χ 2) test depending on which type of variable outcome. Finally, for each statistical test effect size was calculated (Cohen's effect size (d) for t-test, Cramer's effect size (φ c ) for Wilcoxon-Mann-Whitney Rank Sum Test and effect size (r) for Chi-square test) and a post hoc power analysis. The level of statistical significance was set at a two-tailed pvalue of 0.05.
The basic characteristics of subjects who entered the study are shown in table 1. Comparison of mean values between the beginning and the end of the therapy for all groups on each outcome measured are shown in the table 3. For all groups, we found statistically significant differences in all outcomes measured (p < 0.05), except for the results related to MMT in Group C (table 3) .
We applied the same statistical test on the results of the Oswestry LBP Disability Questionnaire (Table 4 ). In this case it was necessary to arrange data in a different manner. We calculated Cohen's effect size and power for each of the variables. Table 4 shows the results of the application of the independent-sample t test. Before the analysis we confirmed the following assumptions: the independent samples from a normal distribution, and samples have equal variances. Two analysis were performed: 1) data with outliers, and 2) data without outliers. Using Grubbs' test we found in each data outlier. After thorough examination of each outlier, we concluded that it was necessary to delete them. Finally, we performed a power analysis for each statistical test. In both cases, we found statistically significant differences between mean values (p < 0.05). Table 4 also shows that effect sizes and powers of the ttest when comparing two groups with and without outliers. Due to the fact that the Cohen's effect size is bigger when comparing groups without outliers it can be concluded that this method is the appropriate one to be used. In parallel, since the powers t-tests of groups without outliers is bigger (comparison of two groups with and without outliers), the conclusion is that those statistical t-tests are more reliable. In comparing mean between pre and post-therapy groups we used paired t-test for The Oswestry LBP Disability Questionnaire, VAS and SF-12. Whereas, in comparing mean between pre and post-therapy groups we used Wilcoxon signed ranks test for MMT
We present the effects of handling the data in the analysis on the results of the Visual analogue scale (VAS). Table 5 shows two different statistical tests: the independent-sample t-test and the Wilcoxon-Mann-Whitney Rank Sum Test for two independent groups on the same data. In both cases, when comparing mean values of groups A and C, we found statistically significant differences, whereas, when comparing mean values of groups A and B, we did not find statistically significant differences. Also, we calculated effect sizes and powers for both tests. The effect size and power of the independent-sample t-test were higher than the effect size and power of the Wilcoxon-Mann-Whithey test. This conclusion follows the fact that nonparametric tests always have lower powers when compared with parametric tests. The "mistake" is the consequence of skipping a checkup of the conditions required for the use of the test. When we applied the Kolmogorov-Smirnov test on sets of data we found that only data (group A) have normal distribution; thus, an independent-sample t-test cannot be used. But, because effect sizes and powers are too low for the Wilcoxon-Mann-Whitney Rank Sum Test, another statistical test must be used. This required the transformation of numerical data into categorical data and use of the Chi-square test (Table 6 ). When comparing groups A vs. B the differences are not significant, in contrast to the comparison of groups A vs. C. As expected, we have not seen any effect size when comparing groups A and B. The powers of both tests were low, and it is questionable if these tests are valid for the analysis. The only recommendation for this case is to do a priori power analysis. In comparing groups A and C in both tests we found statistically significant differences. It is important to state that the effect size and power are higher in Chi-square test. Table 7 shows the Short Form 12 Health Survey (SF-12) results. We applied only independent-sample t-test. in both cases, when comparing mean values (A vs. B and A vs. C), we found statistically significant differences. Effect sizes and powers of those tests were very high. Thus, we can conclude that both of these tests are valid. Table 8 shows the results of the Manual Muscle test (MMT). We applied two types of tests: the independentsample t-test and the Wilcoxon-Mann-Whitney Rank Sum Test for two independent groups. Also, we calculated effect sizes and powers for each of those tests. In this case, the analysis showed similarities with the analysis of VAS results. Namely, the data were not adequately prepared for statistical tests. Normal assumption is not satisfied, and the nonparametric test, the Wilcoxon-Mann-Whitney Rank Sum Test, for two independent groups is relevant. We found statistically significant differences between groups A and C, whereas the differences between A vs. B were not significant. The effect size and power, when comparing groups A with B, were low. Whereas, the effect size and power, when comparing groups A with B, were satisfactory.
IV. CONCLUSIONS
The results from the clinical study where STIMBELT was added to conventional therapy of patients with LBP suggest substantial effects of electrical stimulation. The size of the study sample (3 groups of 30) was still too low to come with final answers, mostly due to the differences among the outcome measures within each of the group.
All patients and therapists accepted very well the treatment, and there were no complications in the use of STIMBELT. Donning and doffing of the STIMBELT was demonstrated to be simple and fast, and all users learned how to apply the system and set the stimulation parameters in about 30 minutes during the first stimulation session.
